percent change in output on the unemployment rate-varies across countries. We estimate, for example, that the coefficient is -0.15 in Japan, -0.45 in the United States, and -0.85 in Spain.
These differences reflect special features of national labor markets, such as Japan's tradition of lifetime employment and the prevalence of temporary employment contracts in Spain.
Section II of this paper introduces Okun's Law and alternative approaches to estimating it. The rest of the paper demonstrates the good fit of the relationship and points out common flaws in analyses that report breakdowns of the Law.
Section III considers U.S. data. We find that the U.S. Okun's Law has a coefficient of -0.4 or -0.5, with an 2 R in the neighborhood of 0.8. This finding is robust: it holds for different time periods, for both quarterly and annual data, and for various methods of measuring short-run movements in output and unemployment.
Section IV examines the common claim that U.S. recoveries since the 1990s have been "jobless." We find no evidence that Okun's Law broke down during these episodes.
Confusion on this issue has arisen because output grew more slowly in recent recoveries than in earlier ones, causing high unemployment to linger. (Gali et al. 2012 make a similar point.)
Section V extends our analysis to international data. Okun's Law fits most advanced economies, although the typical 2 R is somewhat lower than for the United States. The coefficient in the Law varies across countries, but it is relatively stable within a given country.
We generally do not find that the coefficient has risen over time, as some studies suggest (for example, IMF 2010).
Section VI examines the Great Recession of [2008] [2009] . A number of international studies suggest that Okun's Law broke down during this period, but once again we find that the Law holds up well. Apparent anomalies mostly disappear if we account properly for cross-country differences in the Okun coefficient and in the lengths of recessions.
Section VII seeks to explain the cross-country differences in Okun coefficients, with limited success. We propose explanations for the largest outliers, such as Spain and Japan, but we have not found a variable that explains the coefficients more generally. In particular, they are not correlated with the OECD's measure of legal employment protection, a variable suggested by previous authors. Section VIII concludes the paper.
II. ESTIMATING OKUN'S LAW
Here we introduce Okun's Law and discuss how we assess its fit to the data.
A. Okun's Law
We presume there exist some long-run levels of output, employment, and unemployment. We use the term "potential output" for long-run output, and the "natural rate" for long-run unemployment. Potential output is determined by the economy's productive capacity, and it grows over time as a result of technological change and factor accumulation.
The long-run level of employment and the natural rate of unemployment are determined by the size of the labor force and by frictions in the labor market. When output is at its long-run level, employment and unemployment are also at their long-run levels.
Following Okun, we assume that shifts in aggregate demand cause output to fluctuate around potential. These output movements cause firms to hire and fire workers, changing employment; in turn, changes in employment move the unemployment rate in the opposite direction. We can express these relationships as (1) E t -E t * = γ (Y t -Y t * ) + η t , γ > 0;
(2) U t -U t * = δ (E t -E t * ) + μ t , δ < 0;
where E t is the log of employment, Y t is the log of output, U t is the unemployment rate, and * indicates a long-run level.
We can derive Okun's Law by substituting (1) into (2):
where β = γδ and ε t = μ t + δ η t . The coefficient β in Okun's Law depends on the coefficients in the two relationships that underlie the Law.
Past research provides guidance about the values of the parameters in equations (1)-
. To see this, suppose first that changes in output and employment are movements along a neoclassical production function: more labor produces more output. For the United States, 4 economists believe that the elasticity of output with respect to labor is about 2/3, based on factor shares of income. If we invert the production function, we get equation (1) with γ = 3/2 = 1.5.
However, as pointed out by Okun and by Oi (1962) , labor is a quasi-fixed factor. It is costly to adjust employment, so firms accommodate short-run output fluctuations in other ways: they adjust the number of hours per worker and the intensity of workers' effort (which produces procyclical movements in measured productivity). Because of these other margins,
we expect that γ, the response of employment to output, is less than the 1.5 suggested by a production function.
In equation (2), we expect the coefficient δ to be less than one in absolute value:
unemployment moves less than one-for-one with employment. As Okun discussed, an increase in employment raises the returns to job search, which induces workers to enter the labor force. Procyclical movements in the labor force partly offset the effects of employment on the unemployment rate.
Combining these ideas, the coefficient in Okun's Law, β = γδ, should be less in absolute value than the coefficient γ in the employment equation, which itself is less than 1.5.
Aside from these bounds, it is difficult to pin down the Okun coefficient a priori. It depends on the costs of adjusting employment, which include both technological costs such as training and costs created by employment protection laws. The coefficient also depends on the number of workers who are marginally attached to the labor force, entering and exiting as employment fluctuates.
The error term ε t in Okun's Law captures factors that shift the unemployment-output relationship. These factors include unusual changes in productivity or in labor force participation. Saying that "Okun's Law fits well" means that ε t is usually small.
B. Estimation
In estimating Okun's Law, we take two approaches that Okun introduced in his original article. The first is to estimate equation (3), the "levels" equation. (1) and (2) fit the data well, but in most countries the fit is somewhat closer for the levels equation.
We estimate Okun's Law with both annual and quarterly data. With annual data, our specifications are exactly equations (3) and (4): we assume that the output-unemployment relationship is contemporaneous. With quarterly data, we find that the fit of our equations improves if we include two lags of the output term. These lags capture the idea that it takes time for firms to adjust employment when output changes and for individuals to enter or exit the labor force.
III. OKUN'S LAW IN THE UNITED STATES
This section estimates Okun's Law for the United States over 1948-2011, checking robustness along several dimensions. choosing different smoothing parameters in the HP filter. We try smoothing parameters of λ = 100 and λ = 1,000, the most common choices for annual data. 2 Figure 1 illustrates Knotek, 2007) . The scatter plots in Figure 1 suggest that a linear Okun's Law fits the data well. To confirm this result, we estimate separate coefficients for positive and negative output gaps in the levels equation, and for positive and negative output growth in the changes equation. We find no evidence of non-linearity. For example, for the levels equation with an HP parameter of λ = 100, the estimated coefficients are -0.37 for positive output gaps and -0.39 for negative gaps;
A. Annual Data: Main Results
the p-value for the null of equality is 0.61.
Previous researchers also suggest that the coefficient in Okun's Law varies over time (for example, Meyer and Tasci, 2012) . Once again, we find no evidence against our simple specification with a constant Okun coefficient. As Figure 2 reports, the sup-Wald test for a break in the Okun coefficient at an unknown date fails to reject the null of parameter stability for all three of our baseline specifications. The maximal F statistics are 5. 30, 3.99, and 4.49 for the three specifications (λ = 100, λ = 1,000, and changes), well short of the 10 percent critical value of 7.12 calculated by Andrews (2003) . We also estimate our equations separately for the first and second halves of our sample (1948-1979 and 1980-2011) , and cannot reject equality of the two coefficients. For the levels specification with λ = 100, the coefficients are -0. 
CBO Estimates
For completeness, we estimate Okun's Law one other way: we estimate the levels equation (3) We illustrate the fit of our levels specification by calculating fitted values for the unemployment rate. With lags included, these fitted values are
C. Quarterly Data
where U t * and Y t * are long-run levels from the HP filter, and the ˆs are estimated coefficients on the current and lagged output gaps. In this exercise, we use a smoothing parameter of λ = 1,600 in the HP filter. Figure 5 compares the paths over time of t Û and of actual unemployment U t . We see that unemployment is close to the level predicted by
Okun's Law throughout the period since 1948.
D. Comparison to Okun (1962)
We find that Okun's 50-year old specification fits our sample from 1948 through
2011. Yet our coefficient estimates differ somewhat from those in Okun's original paper. The absolute values of Okun's estimates are close to 0.3; inverting this coefficient, he posited the rule of thumb that a one point change in the unemployment rate occurs when output changes by three percent. Our coefficient estimates, by contrast, are around -0.4 or -0.5. These estimates fit roughly with modern textbooks, which report an inverted coefficient of two.
Why do our coefficient estimates differ from Okun's? The natural guess is differences in data-either the sample period or the vintage of the data. But that is not the case; instead, the differences in results arise from differences in the specification of Okun's Law.
This point is easiest to see for the changes version of the Law, where the key specification issue is lag structure. Okun estimates the changes equation, our equation (4), in quarterly data with no lags. Based on data for 1947Q2 through 1960Q4, he reports a coefficient of -0.30. When we estimate the same specification for our longer sample, the coefficient is almost the same: -0.29. For the changes equation, we obtain larger coefficients only if we use annual data or include lags in our quarterly specification (see Tables 1 and 2 ).
To pin down this issue, Table 3 reports quarterly estimates of the changes equation with and without lags of output growth. We compare estimates for two periods: our full sample, and 1948Q2-1960Q4, which is our best approximation of Okun's sample with currently available data. For Okun's sample, we use 1965Q4 vintage data for output, which should be close to the data that Okun used. 6 With no lags, the estimated coefficient is -0.31 for Okun's sample (column 1) and -0.29 for our full sample (column 3). When two lags are included, the sums of coefficients are, respectively, -0.44 and -0.43 (columns 2 and 4). Thus we confirm that lag structure rather than data differences explains the variation in results.
Since lags are significant when they are included, we interpret their absence from
Okun's quarterly equation as a modest mis-specification. Okun underestimated the effects of output on unemployment because he assumed that they are fully contemporaneous at the quarterly frequency.
It is more difficult to compare our estimates of Okun's Law in levels to Okun's estimates, because of differences in the series for U * and Y * . Okun assumed that U * is 4.0 percent (Okun, 1962, p. 3) even though unemployment averaged 4.6 over his sample, and he constructed a Y * series that usually exceeds actual output. Our estimation of U * and Y * imposes the modern assumption that unemployment and output equal their long run levels on average. Presumably this issue, along with lag structure, helps explain why our levels results differ from Okun's.
E. Output, Employment, and Unemployment
We derived Okun's Law, equation (3), from underlying relationships between employment and output, and between unemployment and employment (equations (1) and (2)).
To check the logic behind the Law, we now estimate it along with the underlying relationships. We use annual data for 1948-2011 and estimate the long-run levels of all variables-employment as well as unemployment and output--with the HP filter and λ = 100.
We estimate equations (1), (2), and (3) jointly as a system of seemingly unrelated regressions (SUR). Table 4 presents the results. The estimate of the coefficient γ in equation (1), which gives the effect of output on employment, is 0.54. We confirm the prediction that this coefficient is less than 1.5 but greater in absolute value than the coefficient in Okun's Law.
The estimate of the coefficient δ in equation (2), which indicates the effect of employment on unemployment, is -0.73, confirming the prediction that its absolute value is less than one.
data/real-time-center/real-time-data/data-files/ROUTPUT/). The results are similar if we use the 1948Q2-1960Q4 sample and current (revised) data.
(As discussed in Section II, these predictions follow from costs of adjusting employment and procyclical labor force participation.) The 2 R s are 0.61 for equation (1) and 0.80 for equation (2). The scatterplots in Figure 6 confirm that these equations fit well, with no major outliers. The SUR estimate of the coefficient β in Okun's Law is -0.41, the same as the OLS estimate for the same measures of Y * and U * (see Table 1 ). We test the non-linear restriction that β = γδ, which arises in our derivation of Okun's Law, and fail to reject it (p-value = 0.38 based on the delta method).
IV. JOBLESS RECOVERIES?
Many observers suggest that Okun's Law has broken down in a particular way: Why have the last three recoveries been viewed as jobless, while previous recoveries
were not ? Gali et al. (2012) give the answer: since the 1990s, the speed of recoveries (which they measure with output growth in the three years after a trough) has been slower than before. In the early 1990s and early 2000s, as well as after the Great Recession, slow growth meant that sizable output gaps persisted well into the recovery. In contrast, in most earlier recessions, the output trough was followed by a period of above-normal growth that pulled output back to its previous trend. As Okun's Law predicts, employment and unemployment also returned to normal, and that made the recoveries look job-full. 1980-1995 and 1996-2011 . Table 6 presents the results.
V. OKUN'S LAW IN 20 ADVANCED ECONOMIES
We find some evidence of instability: for seven of the 20 countries, we can reject equality of the first-half and second-half coefficients at the five percent level. However, in five out of these seven cases, the coefficient is lower in absolute value in the second half of the sample. The average coefficient for the 20 countries is -0.43 in the first half of the sample and -0.36 in the second. Our data generally do not support the view that the Okun coefficient has risen over time.
The differences in coefficients across countries are similar in the two time periods.
For example, Spain's coefficient is the highest in both periods, and Austria and Japan's are the two lowest. Overall, the correlation of coefficients across the two periods is 0.49. 
VI. OKUN'S LAW IN THE GREAT RECESSION

A. Output and Unemployment from Peak to Trough
We can see why a quick look at the data might suggest a breakdown of Okun's Law.
Nineteen of the countries in our sample (all but Australia) experienced a recession that began Such evidence has led researchers to propose novel factors to explain unemployment changes. IMF (2010) suggests that financial crises and house price busts raise unemployment for a given level of output. McKinsey suggests that output growth may fail to decrease unemployment because workers lack the skills for available jobs.
B. Correcting for the Length of Recessions
It is misleading to compare output and unemployment changes during different countries' recessions, because recessions last for varying lengths of time. For the set of recessions in Figure 9a , the period from peak to trough ranges from two quarters in Portugal to seven quarters in Demark. Okun's Law implies a relationship between the changes in unemployment and output only if we control for this factor.
To see this point, suppose that the changes version of Okun's Law holds exactly in quarterly data:
where for the moment we assume the parameters α and β are the same for all countries. Let T be the number of quarters in a recession. Cumulating equation (6) over T quarters gives
where Σ indicates the cumulative change over a recession.
Recall that α > 0 because potential output grows over time. Thus, holding constant the change in output, a longer recession implies a larger rise in unemployment. With potential output on an upward path, a given absolute fall in output translates into a larger output gap and higher unemployment if it occurs over a longer period
We examine the fit of equation (7) Notice that Spain is less of an outlier than it was in Figure 9a . The large increase in Spanish unemployment is partly explained by the length of Spain's recession--six quarters, the second-longest in the sample.
C. Adjusting for Country-Specific Coefficients
We saw in Section V that the coefficient in Okun's Law varies substantially across countries. We now ask whether changes in unemployment during the Great Recession fit the Law, given the usual coefficient for each country. That is, we examine the fit of once we divide by four), and the β i 's are highly correlated with the Okun coefficients in Table 5 (which are estimated with the levels version of Okun's Law). Figure 9c compares the actual and fitted values of Σ ΔU. We see that equation (8) 
D. A German Miracle?
When economists discuss deviations from Okun's Law, many stress the recent experience of Germany. As Figure 9 shows, Germany is the one country where unemployment fell during its recession, an outcome that is often called a "miracle" (for example, Burda and Hunt, 2011) . Many economists explain this experience with worksharing-decreases in hours per worker-encouraged by government subsidies to employers who retained workers. The residual in Germany's Okun's Law is modest compared to cross-country differences in unemployment changes.
VII. EXPLAINING CROSS-COUNTRY VARIATION IN OKUN'S LAW
We have seen that most countries have a well-fitting Okun relationship, but that the Okun coefficient differs across countries. What explains these differences?
A. Looking for Explanatory Variables
We can gain some insight about the Okun coefficient from Figure 10 , which plots the estimated coefficients for our 20 countries against the average level of unemployment over 1980-2011 (left panel) . We see an inverse relationship: in countries where unemployment is higher on average, it also fluctuates more in response to output movements. This result is driven primarily by a cluster of countries with low unemployment and low coefficients--Switzerland, Japan, Austria, and Norway--and by Spain, which has very high unemployment and a very high coefficient. It appears likely that the underlying factors that determine the Okun coefficient also influence average unemployment.
We have looked for the underlying determinants of the Okun coefficient, but our results are largely negative. A notable failure is the OECD's well-known index of employment protection legislation (EPL). In theory, greater employment protection should dampen the effects of output movements on employment and therefore reduce the Okun coefficient. In Figure 10 (right panel), we test this idea by plotting the coefficient against the OECD's overall EPL index (averaged over 1985-2008 , the period for which it is available).
The relationship has the wrong sign, and it is statistically insignificant. Notice that the OECD's EPL index assigns a fairly high number to Spain, suggesting that it is not easy for Spanish employers to adjust employment. However, close observers of Spain argue that the OECD index is not a good measure of flexibility in this case. One reason 20 is that the OECD does not account for the non-enforcement of de jure restrictions on fixedterm contracts (Bentolila et al., 2010) .
Japan
This country's Okun coefficient, -0.16, is the second smallest in absolute value. The likely explanation is Japan's tradition of "lifetime employment," which makes firms reluctant to lay off workers. This feature of the labor market is a choice of employers, not a legal mandate, and therefore is not captured by the EPL index.
Ono (2010) reports that the lifetime employment tradition has weakened somewhat over time. This suggests that Japan's Okun coefficient may have risen--and indeed, Japan is one of the two countries with a statistically significant increase in the coefficient from the first half of our sample period to the second (see Table 6 ). However, the coefficient is low compared to other countries--under 0.2--in both parts of the sample.
Switzerland
This country's coefficient, -0.24, is the third smallest. A likely explanation is the large use of foreign workers in Switzerland. When employment rises or falls, migrant workers move in and out of the country. Changes in employment are accommodated by changes in the labor force, and unemployment is stable.
Recall that Okun's Law is derived from an employment-output relationship, equation (1), and an unemployment-employment relationship, equation (2) 
Austria
Austria's data are puzzling. Its Okun coefficient, -0.14, is the smallest for our 20 countries, and we have not found an explanation for this result. When we estimate the E-Y 21 and U-E relationships, the coefficients in both are implausibly small-less than 0.02 in absolute value. We leave further investigation of Austria for future research.
VIII. CONCLUSION
It is rare to call a macroeconomic relationship a "law." Yet we believe that Okun's Law has earned its name. It is not as universal as the law of gravity (which has the same parameters in all advanced economies), but it is strong and stable by the standards of macroeconomics. Reports of deviations from the Law are often exaggerated. Okun's Law is certainly more reliable than a typical macro relationship like the Phillips curve, which is constantly under repair as new anomalies arise in the data.
The evidence in this paper is consistent with traditional macro models in which shifts in aggregate demand cause short run fluctuations in unemployment. At this point, we do not claim that the evidence is not consistent with other theories of unemployment, such as those based on sectoral shocks or extensions of unemployment benefits. The usefulness of Okun's Law in testing macro theories is a topic for future research.
A possible starting point is the fact that the Okun coefficient is far smaller than one would expect from an inverted production function (even when we put employment rather than unemployment on the left side of the Law). Traditional macro explains this fact with costs of adjusting employment to aggregate demand shifts. It is not clear whether a small Okun's coefficient arises naturally in other models of unemployment. 
Note: Table reports estimation results for seemingly unrelated regressions (SUR) model comprising equations (1)- (3), with standard errors in parentheses. ***, **, and * indicate statistical significance at the 1, 5, and 10 percent level. E denotes log of employment. Natural rates (E t * , Y t * , and U t * ) based on Hodrick-Prescott filter with λ = 100. C h a n g e i n u n e m p l o y m e n t r a t e -4 -2 0 2 4 6 8 C h a n g e in l og o f re a l G D P 
c. Adjustment for T and Country-specific Okun Coefficients
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